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Abstract 
Black strata are a wildly distributed and special rock, whose weathering tends to speed up the weathering and the 
worsening of all rocks and the construction materials. The paper, via the geochemical process of the sulphide 
oxidation in the black strata, is to make analysis of the features of the acid water formed by the weathering of the 
black strata in the west of Hunan province, China; the stability of other minerals in the black strata under acid 
condition, as well as the effect on the weathering of the black strata and the formative erosion ability of the acid 
water by rock components, geologic formation and different movements and moving speeds of the underground 
water. The result shows that strongly erosive acid water formed during the oxidation and hydrolysis of the 
sulphureted minerals, which leads to further chemical process in black strata. 
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1.Introduction 
 Black strata are somewhat special rock of all rocks. When it meets the surface and underground 
water full of oxygen, on the one hand, it causes the oxidation of the sulfureted minerals in the rock; on 
the other hand it causes the water to turn in the acid water with powerful erosion after the oxidation and 
the hydrolysis of the sulfureted minerals. Because the neutralization and decomposition of the acid water 
go so fast that it causes a quick change of the rock components, structure and formation, and speeds up 
the efflorescence and erosion speed of the rock and the related construction materials. Therefore the 
efflorescence of the black strata is a typical geochemical process characteristic of chemical efflorescence, 
and a typical process of the rock action that affects the construction schedule.  What’s more, its 
Available online at www.sciencedirect.com
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of National University of Singapore.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
985 Baolong Zhu and Xiyong Wu /  Procedia Environmental Sciences  12 ( 2012 )  984 – 990 
efflorescence can speed up the efflorescence of other surrounding rocks, which will have great effect on 
the construction buildings. And the erosive acid Environment Water formed by the efflorescence, will not 
only act on its own strata, but also causes the efflorescence and the worsening of the strata nearby, plus 
the related construction materials of the construction buildings it flows by. And the construction disaster 
of the black strata arises [1]. 
2.The Geochemical Components of the Black Strata in the West of Hunan province, china 
The result of analysing the chemical components of the black strata in Hunan west shows that the 
sulphur elements of the rocks (listed in Table I, II) greatly exceed the geochemical amplitude of the 
corresponding rocks. The fact is in accordance with the phenomena that the pyrite, anhydrite and gypsum 
crystals can be seen more or less in rock slices. In addition to that, sulphur elements have such different 
chemical states in the rock as S2-ΕS2+ and S6+ etc.  As to the pyrite and carbon shale ledge in Table I, 
because its iron-sulphide content is rather rich, the total quantity of its chemical components measured by 
oxide exceeds 100%. Among all the rocks, the common silicified rock has low sulphur content while 
creosote halite has high sulphur content. The pyrite crystals are more easily seen in the dolomite of the 
field rock outcrop than in the quartzite. In black clastic rock of the northwest of Hunan province, 
Potassium (K) content grossly exceeds the chemical amplitude of the corresponding rocks. The 
authentication of the mineral components shows that the clay mineral in the rocks is mainly illite. The mg 
content in the black clastic rock matches its chemical amplitude and the Ca and Na contents are near to or 
lower than its chemical amplitude. 
Table I  Chemical component of main black strata in Guzhang region of western Hunan province, China (unit: %) 
Rock type Sample SiO2    Al2O3    Fe2O3     FeO    CaO    MgO    K2O    Na2O    SO42-     S2-    CO2     P2O5     reduction 
Silicified slate rock 
Clay slate  rock 
 
 
Silty slate rock 
Carbonaceous shale 
Black dolomite 
Pyrite strata 
3-2-1 
6-1-12 
17-1-1 
3-4 
A(1) 
C(2) 
B(1) 
D(1) 
82.72    6.43      2.59      0.19    0.35     0.88     2.99     0.05     0.09    0.03   0.34    0.11       2.33 
80.27    8.94      1.59      0.16    0.29     1.00     4.32     0.21     0.05    0.03   0.24    0.07       2.11 
81.17    6.73      1.88      0.16    0.29     0.76     2.99     0.22     0.26    0.05   0.11    0.06       5.15 
65.16    16.70    4.25      0.23    0.32     1.64     6.23     0.07     0.06    0.01   0.13    0.13       4.01 
67.23    15.39    1.98      0.18    0.42     1.67     6.98     0.24      0.32   0.75   0.10    0.09       4.40 
45.04    7.68      24.84    0.15    0.85     3.04     0.07     19.78    1.01      -        -          -             - 
3.90      0.26      1.01      0.13    29.06   17.70   0.13     0.25      0.22   0.70   40.93  1.12       0.73 
21.74    2.86      46.74    0.17    0.33     1.07     0.09     35.23    0.91      -         -         -             - 
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Table II Chemical components of main black strata of western Hunan province, China (unit: %) 
Rock type Sample SiO2     Al2O3    Fe2O3    FeO    CaO     MgO     Na2O     K2O     P2O5      S2-      SO42-    CO2     reduction 
Silicified slate rock 
 
 
 
 
Dolomite slate rock 
 
limestone 
clay limestone 
eluvial-declivous 
dolomite 
 
 
 
 
 
 
 
 
 
 
 
clay dolomite 
D2-1 
D2-4 
D2-5 
D2-6 
D2-7 
D3-1 
D3-2 
D4-1 
D5-1 
D5-2A 
L1 
L3 
L4 
L5 
L9 
L10 
L13 
L22 
L23 
L24 
L50 
L68 
Z1  
85.51    5.82      1.27      0.37    0.56      0.65     0.120     2.115   0.075   0.036   0.10      0.42        2.13 
79.44    6.79      3.05      0.47    0.43      0.92     0.115     2.777   0.140       -       0.36      1.39        4.19 
77.79    7.20      3.36      0.49    0.43      0.78     0.133     2.864   0.145   0.03     0.14      1.56        4.23 
82.84    6.25      0.49      0.27    0.28      0.69     0.126     2.829   0.163   0.049   0.006    2.31        3.93 
80.68    7.37      0.73      0.32    0.37      0.77     0.163     3.134   0.065   0.038   0.092    1.93        3.78 
51.74    4.60      1.73      1.02    9.97      4.87     0.769     1.590   1.460   0.710   1.49      12.63      17.26 
28.67    4.15      0.96      1.27    24.18    2.25     0.726     1.468   16.44   2.50      2.39     4.02        13.54 
32.76    7.62      0.30      0.76    24.17    2.24     0.218     3.050   0.195   1.08      0.05     21.48      19.84 
 7.84     1.91      0.50      0.23    47.36    0.74     0.236     0.683   0.068   0.27      0.32     36.72       37.52 
57.48    12.04    2.85      0.63    5.01      3.46     0.256     4.190   0.337      -         0.10     8.30         9.27 
5.93      0.64      0.23       0.34   25.59    15.23   0.130     0.219   0.101   0.56      1.37     40.14       43.25 
5.57      0.62      0.30       0.41   24.56    15.85   0.132     0.193   0.126   0.62      1.78     40.40       43.73 
6.40      0.59      0.30       0.35   25.17    14.98   0.132     0.193   0.156   0.41     1.27      39.52       42.85 
5.25      0.59      0.23       0.30   25.34   16.31    0.112     0.193   0.134   0.56     1.32      40.92       44.18 
7.58      0.54      0.30       0.47   25.54    13.76   0.081     0.152   0.156   0.54     2.10      37.95       42.00 
5.89      0.50      0.20       0.31   25.44    14.96   0.070     0.154   0.150   0.67     1.52      39.17       43.39 
5.22      0.53      0.43       0.35   25.52    15.16   0.078     0.170   0.219   0.69     2.09      39.84       43.07 
5.59      0.57      0.26      0.29    25.78    15.70   0.112     0.189   0.139   0.54      1.36      40.06      43.34 
5.74      0.62      0.31       0.35   24.80    15.71   0.112     0.205   0.117   0.59      1.62      39.86      43.35 
5.71      0.83      0.18       0.41   27.21    17.29   0.098     0.130   0.122   0.46      1.53      40.51      43.35 
6.69      0.81      0.23       0.35   28.88    15.30   0.148     0.214   0.118   0.48      1.54      39.27      42.50 
5.50      0.75      0.32       0.41   27.94    17.01   0.144     0.193   0.097   0.47      1.35      40.23      43.18 
8.71     1.18      0.08       0.54   26.01    15.66   0.174     0.272   0.127   0.55      1.63      37.22      41.69 
 
3.The Geochemical Process of the Oxidation of the Sulphureted Mineral in the Black Strata 
3.1.Biological and Chemical Oxidation 
The oxidation of pyrite is closely related with organism and microorganism. Presently it is 
commonly believed that the biological and chemical oxidation of the pyrite processes in the following 
manners: 
(1) The pyrite first reacts with the water and the oxygen when oxidation, and then creates the ferrous 
sulphate and sulfuric acid. 
2FeS2+2H2O+7O2ĺ2FeSO4+2H2SO4                                                                                              (1) 
(2) Ferrous sulfate continues to be oxidated into high potential iron (the chemical oxidation in acid 
condition stops completely)  
4FeSO4+O2+2H2SO4ĺ2Fe2(SO4)3+2H2O                                                                                         (2) 
The reaction cannot be done in acid condition and when pH value is quite low, the ferric sulfate will 
be deoxidated into ferrous sulfate. 
(3) High potential ferric sulfate instantly react with the existing pyrite.  
Fe2(SO4)3+FeS2ĺ3FeSO4+2S                                                                                                          (3) 
2S+6Fe2(SO4)3+8H2Oĺ12FeSO4+8H2SO4                                                                                        (4) 
(4) Part of the high potential ferric sulfate water is hydrolyzed into alkaline high potential ferric 
sulfate.  
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Fe2(SO4)3+2H2Oĺ2Fe(OH)SO4+H2SO4                                                                                          (5) 
The study makes it clear that the element sulfur (equation 3) formed in the pyrite oxidation tends not 
to participate in the high potential ferric sulfate reaction (equation 4) but can be easily oxidated into 
vitriol with the effect of Thiobacillus ferrooxidans [2] [3].  
3.2.Electrochemical Oxidation 
A research shows that a serial of metal sulfide are all electricity conductive and different sulfides 
have different electrode potential. When the sulfide is in touch with the water, it turns into microgalvanic, 
whose electromotive force reaches 0.3-0.4 voltage. The sulfide as anode undergoes oxidation dissolution 
and the more negative pole of the minerals is, the stronger the oxidation is. The electrochemical 
dissolution often happens at the oxidation area of sulfide minerals. As for the electrochemical process of 
the pyrite, total process electrochemical reaction [4] is universally accepted, that is, the cathode and 
anode reaction on the surface of the pyrite. 
Cathode reaction: 
O2+4H++4e–ĺ2H2O                                                                                                                        (7) 
Anode reaction: 
FeS2+8H2OĺFe3++2SO42–+16H++15e–                                                                                             (8) 
So it is clear that the pyrite oxidation is extremely complicated. Plenty of research and study find 
that pyrite oxidation actually has many sub-reactions and mid-process reactions [5] [6]. 
4.The Formation of Erosive Environmental Water 
It is the instability of the sulfureted minerals in the solution with dissociative oxygen that makes the 
underground water solution rich in dissociative oxygen; finally turn into erosive underground water with 
hydrogen and SO42- . In other words, such sulfureted minerals as pyrites in the black strata undergoes the 
efflorescence via oxidation and dissolution reaction, and at last gives birth to all kinds of indissolvable 
mixture of ferric oxide containing water like goethite, limonite etc. and creates hydrogen ions and vitriol 
ionic SO42-. Meanwhile the erosive underground water containing hydrogen and vitriol ionic SO42- 
continues to participate in the natural process of oxidation. 
The intensity and speed of the sulfureted minerals oxidation have great effect on the pH-value of the 
erosive ions in the underground water. But there are many factors that directly affect oxidation 
development process. During the formation of the erosive underground water, the terrain, lithology, 
geologic structure and the movement features of the underground water all have direct effect on the 
distribution and ion pH-value of the erosive water. 
It can be known from the geologic structure that the fault in the stratum and the degree of joints 
exercise the controlling function on the erosive underground water. Because the fault cracked zone has 
good permeability, the underground water can penetrate downward along cracked zone easily. The 
penetration belt of the underground water is rich in CO2 and dissociated oxygen, therefore is the ideal 
oxidation belt of the sulfureted minerals.  
In lithology, the content of sulfureted minerals like pyrite in the rock has great effect on the 
formation of the erosive underground water. The content of sulfureted minerals like pyrite has a close 
relation with ph. In many cases, the sulphur content increases while pH-value decreases. Another factor 
that affects pH-value is the carbonate minerals in the rock. The vitriol created by the pyrite oxidation will 
be neutralized by the carbonate minerals, which causes the increase of pH-value in underground water. In 
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the case of Hunan West, though the pyrite content in the dolomite is not low, the pH-value of the 
formative environmental water is generally high. 
Moreover the formation of the erosive underground water is also related with its own 
hydrodynamics features. The difference in hydrodynamics features will affect the effect of stratum action 
of the underground water and sulfureted minerals containing pyrite, thus influencing the erosive ability of 
acid water. When the velocity of the flow is too swift, because the mechanical dispersion is given the first 
place in hydrodynamics dispersion, plus the existence of the lag phenomenon, the underground water 
cannot fully act with the sulfureted minerals, thus the erosive ability of the acid water is relatively 
weak[7].     
It is necessary to point out that although the good penetration ability of stratum may weaken the 
erosive ability of the formative acid water, the erosive ability of the acid water may build up because the 
surface of the stratum rock which the underground water touches expands in the stratum cracked zone. 
The investigation of the efflorescent of the black strata in Hunan West just proves it.   
From the materials about the water quality obtained at Luoyixi, Dajiangkou tunnels in Hunan West, 
the environmental water formed by efflorescence of the black strata, makes the movement of the 
underground water unblocked, the circulation speed get greatly increased and the acidity and the 
mineralization of the water quality decreases generally because of the construction of the tunnels. The 
underground water formed by the efflorescence of black shale and slate in Luoyixi changed its SO42- 
concentration of 9650mg/l,pH-value of 4.5 at construction time into density of SO42- 250.72 mg/l,pH=5.8 
after 10 years. The underground water formed by efflorescence of the black sandstone at Dajiangkou has 
less change in water quality, from SO42- concentration of 298-575mg/l,pH=3.5-4.5  to density of SO42- 
196-368 mg/l, pH=4.3-5. The initially high-mineralization and strong-acidity at Luoyixi tunnel was on 
the one hand caused by depth of tunnel and type of surrounding rock, and the sulfureted mineral content 
is relatively high in the black slate; on the other hand caused by depth of tunnel, the blocked underground 
water flow and the easily accumulated acid substance. The great change of water quality may well be 
caused by the oxidation speed of the pyrite and the neutralization function of the carbonate rock in the 
tunnel wall rock. The small change in the underground water quality at Dajiangkou tunnel is due to the 
shallow burying, sulfide in black sandstone and the singular lithology of the surrounding rock (Black 
quartz sandstone).  
5.The Efflorescence Process of the Black Strata 
It is obvious that the sulfureted minerals in the black strata are oxidated; in the meantime the acid 
environmental water with erosive ability is formed and causes other minerals in the black strata, under the 
effect of the acid water, to lose its stability. As far as the black strata are concerned, it will undergo the 
decomposition reaction and the polymerization of the minerals under the acid condition. 
5.1.The Decomposition Reaction of the Major Minerals in the Black Strata 
(1)KmNanCaoMgpFeqAlrSisO10(OH)2 + H2O + H+ĺ K++ Na+ + Ca2++ Mg2+ + Fe3+ + Al2Si2O5(OH)4 
+ H2SO4 
(2)Mg5Al2Si3O10(OH)8 + 16H+ ĺ5Mg2+ + 2Al3+ + 3H4SiO4 + 6H2O  
(3)K(AlSi3O8) + 4.5H2O + H+ĺ0.5 Al2Si2O5(OH)4 + K+ + 2H4SiO4 
(4)Na(AlSi3O8) + 4.5H2O + H+ĺ0.5 Al2Si2O5(OH)4+ Na+ + 2H4SiO4 
(5)KAl2(AlSi3O10)(OH)2 + 1.5H2O + H+ĺ 
1.5 Al2Si2O5(OH)4 + K+ 
(6)CaCO3 + 2H+ + SO42- + H2OĺCaSO4·2H2O + CO2 
(7)MgCO3+2H++SO42-+6H2OĺMgSO4·7H2O+ CO2 
(8)0.5[MgCa (CO3)2] +2H++SO42-+3.5H2Oĺ 0.5[CaSO4·2H2O] + 0.5[MgSO4·7H2O] +CO2 
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(9)FeCO3 +2H++SO42-+H2OĺFeSO4·7H2O+CO2 
(10) Al2Si2O5(OH)4+6H+ĺ2Al3++2H4SiO4(aq) + H2O 
(11) SiO2(am) +2H2O = H4SiO4(aq) 
5.2.The Major Polymerization in Acid Medium 
Now it is known that the acid surrounding breaks the original stability in the rock, thus leading to 
the instability of the mineral components. In the acid medium, quartz is generally seen as the inertia 
mineral nonparticipation in the reaction, while the feldspar and mica come to lose such alkali metals as 
K+, Na+ and transform into kaolin mineral. The minerals like calcspar, limonite, and zeolite tend to 
undergo denaturalization and decomposition in the acid medium. The uncertain silicon dioxide has 
certain chemical activity and may experience the denaturalization in the acid medium. When pH-value of 
the medium is 2-5, it will have the polymerization with the aluminum ion in the solution and engender 
kaoline petrifaction. When the uncertain Silicon dioxide functions as cementation in the structure, its 
chemical change will have greater effect on the intensity of the rock.    
The clay minerals in the mudstone are mainly illite. Chlorite and kaolinite etc. are second to it. It has 
bad stability in the acid medium, so the denaturalization and decomposition occur easily, which has 
significant effect on the intensity of the rock.  
It ought to be pointed out that because different moving states and moving speeds of the water affect 
the efflorescence greatly, silty slate and black carbon shale areas in Hunan West are directly affected by 
the surface water, therefore efflorescence is not obvious. But in the damp cranny, a large amount of alum 
grows and the dilatancy and crack of the slate surface are also quite obvious.    
Moreover when the humidity in the air is very high, the efflorescence of the black strata is more 
obvious via moisture absorption, for example, if the fresh rock taken from pyrite ledge and the carbon 
strata, is put in the indoor condition at the humid areas like Chengdu for several months, the alum crystal 
will be seen to grow., and the rock obviously becomes loose and disorganized (Fig. 1, Fig.2). So the 
phenomenon cannot be simply explained from the angle of pure chemical reaction. Then it may have the 
following explanations (1) slowly moving or static water is good for enrichment of the acidity and helps 
the bacteria grow; (2) the water obtained from the moisture absorption is the vapour in the air and the 
gaseous water generally has higher chemical activity than the liquid water; (3) the water obtained from 
moisture absorption generally forms fissure water, Capillary water or pellicular water. Because the water 
pellicle is thin, it is easy to speedily supplement the oxygen consumed by the oxidation; (4) when the 
oxidation lasts, resorting water avails the enrichment of the ion concentration and the dissociation of the 
newly born mineral crystal. When the crystal space is blocked, great swelling pressure will make the 
occurrence of the mechanical fragmentation of the rock; consequently speed up the physical 
efflorescence process of the rock, which helps the efflorescence to proceed thoroughly. 
 
Fig.1 Unweathered rock 
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Fig.2 Weathered rock 
6.Conclusions 
The black strata are the rock containing such bad minerals as pyrite, whose efflorescent geochemical 
process is mainly reflected in the following: 
(1) The oxidation of the melanin (organism and sulfureted minerals) in the rock; the loose structure 
of the rock by hydrolysis.   
(2) The strongly erosive acid water formed during the oxidation and hydrolysis of the sulfureted 
minerals.    
(3) The formative acid water with strong erosion acts on the other component minerals in the rock, 
which engenders their decomposition and denaturalization , and causes a serial of bad alum minerals like 
gypsum, Jarosite to produce a swelling damaging effect at the crystals dissociation during the evolution 
of the water quality. 
References
[1] R. M. Quigley, R. W.Vogan, “Black shale heaving at Ottawa Canada,” Canadian Geotechnical Journal, vol.7, pp.106-
115, 1970. 
[2] K. Pye, J. A. Miller, “Chemical and biochemical weathering of pyritic mudrocks in a shale embankment,” Quarterly
Journal of Engineering Geology & Hydrogeology, vol.23, no.4, pp. 365-381, November 1990. 
[3] R. K. Taylor, “Coal Measuers mudrocks: composition, classification, and weathering processes,” Quarterly Journal of 
Engineering Geology & Hydrogeology, vol.21, pp.85-99, February 1988. 
[4] R. T. Lowson, “Aqueous oxidation of pyrite by molecular   oxygen,” Chemical Reviews, vol.82, no.5, pp.467-679, 1982. 
[5] H. F. Steger, L. E. Desjardins, “Oxidation of sulphide mineral, III.  Determination of sulphate and thiosulphate in 
oxidation sulphide minerals,” Talanta, no.24, no.11, pp.675-679, November 1977. 
[6] M. B. Goldhaber, “Experimental study of metastable sulfur oxyanion formation during pyrite at pH 6~9 and 30 degrees,” 
American Journal of Science, no.283, pp.193-217, March 1983. 
[7] X. Y. Wu, Y. Wang, J. Jian, “Study of relationship between formation of corrosive environment water and movement 
characteristics of groundwater,” Journal of the China Railway Society, vol.20, no.4, pp.106-112, 1998. 
